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High Spatial Resolution

Passive Microwave Sounding Systems

INTRODUCTION

The major activity during this period was conduct of two
extensive series of flights aboard the ER~2 aircraft with the
MIT 118-GHz imaging spectrometer together with a 53.6-GHz
nadir channel and a TV camera record of the mission. Other
microwave sensors, including a 183-GHz imaging spectrometer

were flown simultaneously by other research groups.

Work also continued on evaluating the impact of high-
resolution passive microwave soundings upon numerical weather
prediction models, as described in the previous progress
report. Evaluation of the results is under way and these

will be described at length in the next report.

AIRCRAFT OBSERVATIONS

The instrument used for these observations is sketched in
Fig. 1. The 118-GHz spectrometer was scanned by means of a
rotating mirror driven by a stepper motor. The 7.5° beamwidth
antenna pattern was swept across the track of the aircraft at
5.5-second intervals, imaging a swath 14 pixels wide. At an
titude of ~ 135.5 kmm this corresponds to a swath width of
40 km at the terrestrial surface and somewhat less at

altitudes typical of precipitation cells.

The stepper motor also can cause the radiometef to view
two different black-body loads, one hot and one cold. The
incoming radiation then passes through a chopper wheel and
into the mixer-preamplifier portion of the system. The IF
amplifier band of v 490-2040 MHz is divided into seven
passbands, each ~ 230 MHz wide. These passbands yield
temperature weighting functions peaking at altitudes between
~ 170 mbar and the surface, as illustrated in Fig. 2. A




separate 53.6-GHz radiometer, also shown in Fig. 1, observes
nadir with 7.5° beamwidth and a weighting function peaking
near 500 mbar. The rms sensitivities of these radiometers
are v 0.5 K for 0.22-sec integration, and less than 0,1 K
with only modest spatial averaging; the system temperatures
are roughly 1000 K. The spatial resolution of these images
is typically ~ 2-3 km at the surface and ~ 1.5 km at 8~km
altitude. Figure 3 illustrates the detection of small

(v 6 km x 6 km) precipitation cells which appear cold (white)
over land; the dynamic range of these images is 8 K. DNote
that even these strong precipitation cells are not visible in
the highest altitude temperature sounding channel (peaking
near 170 mb).

In Fig. 4 are illustrated 118-GHz images obtained over
ocean; the dynamic range is 2 K. At the top of the image a
precipitation band appears warm (black) against the cooler
background. The fact that this band is not seen in the three
most opagque channels means that it is at altitudes lower than
the tops of the convective cells in Fig. 3. Although it is
difficult to see in this presentation format, Fig. 4 also
displays what appear to be waves in the atmospheric temperature
structure which are oriented roughly parallel with the front
and which have a peak-to-peak amplitude of ~ 0.5 K. The
wavelength is ~ 20 km. These waves become more apparent when
the figure is viewed nearly tangentially and parallel to the
wave fronts; they are most visible in the five most opague
channels. With improved filtering and presentation techniques
such waves can be made more visible, and it should be possible

to study their three-dimensional structure quantitatively.
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Figure 3.
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Preliminary 118-GHz images of convective precipitation cell:z
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Figqure 4. Prellmlnary 118-GHz images of a front over ocean exhibiting
a rain band (black, marked by a triangle) and apparent
temperature waves w1th A Y 20 km (selected wavefronts are
marked by straight llnes) The dynamic range is 2 K and
black is warm. The approximate altitude where each tempera-
ture weighting function peaks is indicated at the top of
each image. The swath width at the surface is v 40 km
and at 8-km altitude it is "~ 22 km.
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